Abstract-To solve the problem of energy saving in the design of wireless sensor networks, a new maximum lifetime routing algorithm was proposed based on uneven cluster, linear programing and fuzzy set theory (UCLF) in wireless sensor networks, which formulated the system maximum lifetime problem as a linear programming problem and selected cluster head based on fuzzy set theory, where the objectives is to output optimal clusters which closer to the sink node have fewer nodes than those farther away from the sink node and seek a balance point between energy consumption and routing efficiency to maximize the network lifetime. Compared with the classical energy efficient algorithm, such as CMAX, simulation results show that UCLF can effectively extend the network lifetime.
I. INTRODUCTION
Comparing with frequently moving of nodes in the traditional wireless ad hoc networks, wireless sensor networks (WSN) are usually consisted of a large number of static sensor nodes with limited energy. Many small sensor nodes powered by limited batteries are randomly distributed which work together as a sensor network and transfer information generated by source nodes to base station over several hops. As wireless sensor networks are deployed in the complex environment, in general, the batteries are difficult to replace or recharge. Hence, efficient use of energy resources and prolonged lifetime of a network are very important issues in wireless sensor networks. Energy consumption in the wireless sensor networks can be closely related with three modules, sensor module, data processing module and wireless transceiver module. Among these three, most energy was consumed on wireless transceiver module.
Several related works on energy conservation routing technology in wireless sensor networks have deal with the problem of reducing the amount of data traffic, and resulting in higher energy saving [1] - [6] . These protocols include flat and hierarchical routing protocols. The authors presented a flat routing protocol named SPIN which reduces the spread of information via negotiations between the nodes [1, 2] . Heinzelman et al. proposed LEACH protocol for the first time, which is the data aggregation-based hierarchical routing protocol [16] . In LEACH, each node generates a random number [0,1] p  , if p is less than a certain threshold () Tn , the node becomes a cluster head in this election competition. Sensor nodes transmit their collect data to designated cluster heads. These cluster heads send their gathered datum to base station by one hop too. Manjeshwar et al. developed TEEN [7] protocol based on the typical clustering-based routing protocol LEACH.TEEN reduces the amount of sensor nodes state traffic that is propagated regularly. From what has been discussed above [3] - [6] , clustering-based multi-hop routing protocols are considered as the best energy conservation routing technology in WSN. However, this way brings a new problem of imbalance energy consumption of node battery power while cluster heads closer to the base station tend to die earlier because more data packets are needed to transmit [8] . So the researchers present some methods based on energy-efficient uneven clustering algorithm, such as EEUC, CEBUC etc. [9, 10] , which can generate network topology of optimum number of clusters. The closer to base station a cluster is, the smaller size it will be. Thus, those cluster heads can preserve some energy for the inter-cluster data forwarding. The uneven clustering algorithm is a useful complementary to our work.
The problem of the network lifetime is also defined the time of the first node death, while it exists successful routing from source node to destination node, i.e., the maximum lifetime routing problem equals to calculate optimum routing cost between energy consumption and shortest routing path. Most of previous researches are based on either finding maximum path energy or minimum route hops. A. Misra et al. proposed the MRPC and CMRPC algorithm which attempt to select on a maximum energy path as system maximum lifetime [11] . In MRPC, the path that has the largest packet capacity is selected. The capacity is defined , presented the MMBCR and CMMBCR which select a routing path for which the minimum of the residual energy of the sensors on path as maximum [12] . Kar K et al. proposed the CMAX algorithm [13] , which the routing objective is to maximize the total number of messages Based on the previous works, we try to focus on optimal balance point between energy consumption and routing efficiency to maximize the network lifetime. It is important to avoid the nodes with small residual energy on the routing path. Therefore, the maximum lifetime of network is to find the sum of routing path that all message generated by source nodes can reach the corresponding destination. The UCLF presented in this paper has some advantages as follows. For one thing, a novel uneven clustering algorithm for Wireless Sensor Networks can effectively alleviate the "hot spot" issues, in which cluster head is selected by using fuzzy set theory, which takes the residual energy nodes intensity and distance from sink node as the important index. For another, the system maximum lifetime is transformed to a sequential linear programming based on fuzzy set theory. Finally, a hierarchical routing tree with base station as the root is established according to the hop and energy-level of cluster heads. The above are innovations. This paper is organized as follows. The section 2 introduces the mathematic model and terminology of algorithm. In section 3, a new maximum lifetime routing algorithm based on uneven cluster, linear programming and fuzzy set theory (UCLF) was proposed. The process about setting up cluster and selecting routing path are introduced in detail. In section 4, we evaluate UCLF using simulations on NS2 platform. In this section [15] , the performance of UCLF is compared with CMAX. The experiment results show our UCLF is superior to CMAX. In section 5, some conclusions are concluded.
II. MODEL AND TERMINOLOGY
In this section, for convenience, thereinafter, we make following assumptions:
A. Reference Radio Model
First, we adopt the first order radio model for energy consumption computation1. Figure1 gives the model. 
elec E is the energy consumption during 1bit packet message reception or transmission in circuit, and amp E is the energy consumption in transmitter amplifier circuit. In Figure 1 , d denotes distance between source nodes and destination nodes, r is a non-negative integer coefficients, [2, 4] 
. For now, according to the above formula (1) and (2), the total energy consumption ,, ( , )
can be calculated by formula (3) during the period of transmission l bits packet message from node i to node j (distance between them is d)
In order to focus our attention on the main problems, we assume no energy consumption during message reception. Thus, the total energy consumption ,, ( , )
, ,
B. The topology of the WSN Next, the sensor nodes in the WSN are fixed and the topology of the WSN is static, and the sink node is on the extender side of specified regions with unlimited power supply. Signal of sink node can cover everywhere in WSN. We make the assumption that the radio channel is symmetric such that the energy required to transmit a message from node A to node B is the same as the energy required to transmit a message from node B to node A. Each node can compute the distance from sink nodes judging by the signal intensity obtained. Clustering sensors into groups, so that sensors communicate information only to cluster heads and then the cluster heads communicate the aggregated information to the sink node. Figure 2 shows how inner-cluster and intercluster communication process. We assume the innercluster communication is single-hop and inter-cluster communication is multiple-hop. Our following discussion is mainly about inter-cluster communication. 
C. Logical Model
Finally, the amount of information messages of each transmission is a constant equaling l . Previous discussion shows that the maximum lifetime of the network is related to select maximum lifetime routing path. Hence, WSN can be modeled as a directed graph ( , )
G v e , where v is the set of all cluster heads and e is the set of all directed edges ( , ) i j E  if and only if the information message generated from node i can reach node j with a certain energy consumption , ( , ) Our objective is to find a path for each routing pair with the best energy consumption cost to the maximization of the system lifetime. Accordingly, we develop a novel maximum lifetime routing algorithm based on uneven cluster, linear programming and fuzzy set theory (UCLF).For ease of presentation, and the algorithm is divided into 3 stages.
A. Stage 1: uneven clustering
Stage 1 -In the first stage, we attempt to accomplish the objective of clustering sensor nodes into uneven clusters in WSN. The process is distributed into rounds, where each round begins with a set-up phase In each control zones, each node decides whether or not to become a cluster-head for the current round. This decision is based on the number of the active neighboring nodes, the performance of residual energy and the distance from sink node. Those nodes which have the less neighborhood nodes and high residual energy and farer distance will have more chances to be the cluster heads. In the proposed algorithm, the sensor nodes elect themselves as control zones i  cluster heads with probabilities .
Np. Probability of selection cluster head is obtained from fuzzy inference method given by function () infer . Then, each node will broadcast an advisement packet to their neighbor nodes. The advisement packet has a structure with node identify flag and the probability value. Any sensor node that receives such advertisements will analysis the packet and compares the probability with itself. The sensor node with higher probability becomes a cluster head and advertises itself as a cluster head to the sensor nodes within its radio range C R given by , where any sensor node except cluster head joins the cluster of the closet cluster head. The pseudo code for clustering algorithm is given, as figure 4 shows. The principle of fuzzy logic approach to cluster head selection algorithm is described as follows: three main factors of cluster selection are the node's residual energy and the number of neighbor nodes and the distance from sink node, each factor is divided into 3 levels. Considering the expert experience and the three factors mentioned above, 27 fuzzy logic rules are defined. These rules are used to gain the probability of each node, of which these nodes with the maximal probability will be selected as clusters. The fuzzy linguistic variable is summarized in Table Ⅰ for reference. In this case, since the model have three input variables and one output variable, the fuzzy rules is conveniently expressed in the fuzzy associative memory (FAM) matrix form, as the figure 5 show. By using Mamdani algorithm of fuzzy reasoning [14] , 27 items of fuzzy inference rules are generated in the fuzzy system, as the following 
By using Min-max T norms to combination the fuzzy rules and geometric center recognition ( COG ) defuzzification mechanism, we can obtain the accurate probabilities of selection cluster head. The mathematical expression of COG is given as the following.
The formula (5) indicates an output of membership function u(x) on the accuracy of interval estimation [a, b] in fuzzy rules set A.
After clusters are organized, time division multiple access (TDMA) is executed by both cluster-head and member node to perform transmission, which is the same as LEACH [4] , the repetitious details need not be given here.
B. Stage2: minimum edge number of directed graph
Stage2 -at the beginning of the second stage, the network that consists of all cluster heads is modeled as a directed graph   
Among formula (6), the term λ is a nonnegative constant and algorithm parameter. By means of adjusting the value of λ, the applicability of algorithm to different network environment is improved. For each node, the term () i  is defined as formula (7). By using () i  , the path rejects the nodes whose residual energy is much less than min E as relay nodes.
It's very obvious that the problem is a linear programming problem [18] . The problem of maximum lifetime routing is equivalent to the following linear programming problem:
The lifetime of a network for request sequence is equivalent to find all successful routing paths. Hence, the problem can be expressed as the model of the multiple objective programming based on fuzzy set theory.
Min z y  (9) . . , ,,
is the vectors with constrains of formula (9) . Now, the work is finished.
Finally, we summary the running processes of UCLF algorithm mentioned above, as the Figure 6 shows.
 

1:
Step uneven clustering Divided WSN into several uneven control zones
according to the distances i  .
Selected cluster heads in their respective control zones by using fuzzy set theory.
 
2: min
Step imum edge number of directed graph
Compute the minimum energy route path  if  exists.
'' G is obtained.
 
3: max
Step find imum lifetime routing path
The weight ij COST assigned to edge (i, j) in '' G .
Compute the shortest route path  if '  exists in '' G .
Use '  for the route. Note that in practice, because of limited energy, it's hard for each node to recognize complete information including current energy levels of all sensors and the topology of the WSN. Aslam et al. proposed a hierarchical zone-based strategy that is worth to use for reference [16] . Zone-based routing is a hierarchical approach in which the area covered by the (sensor) network is divided into a small number of zones. There is a high level residual energy sensor named host node (the host node will be on duty by turns) responsible for global routing in each zones by using limited flooding approach. These host nodes were modeled as new directed graph. Each node itself isn't host node can report or obtain global information from host node. The distributed algorithm may apply to our UCLF as well.
IV. PERFORMANCE EVALUATION
In this section, we evaluate the performance of UCLF algorithm through simulations on NS2 platform. ,
Comparison is made with CMAX algorithm as well, since CMAX algorithm has a better performance than other algorithms such as MPRC and max-min min zP , etc [16] . We consider a network of 20~100 nodes located randomly in a100×100 grid regions, as shown in Figure 7 . d is the distance between nodes i and j. This is similar to the kind of networks studied in reference [13] . The first order radio model is our reference model. In this model, energy ( 
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In our experimental, we select the algorithm parameter 10 
10
  for both UCLF and CMAX, which is similar to that employed by Kar et al [13] .
First of all, we study the effect of sensor density on performance. Let the transmission radius of sink node (in UCLF) or sensor node (in CMAX) vary from 30 to 100, other parameters as table 3 show. In this study, we prepared 500 test cases and 200 random request sequences in 25 random placements. Figure 8-10 showed average lifetime between UCLF and CMAX. From this experiment, we could observe that in all cases, UCLF was the better under both density conditions. For example, when n=30 and transmission radius is 90, the average lifetime using UCLF is 23.7% larger than that using CMAX. The percentage becomes 33.4% at n=100 and at the same radius, etc. Next, we compare the number of nodes alive between UCLF and CMAX after running a period of time. In this scenario, we generated 10 networks by randomly placing 100 sensor nodes in a 100×100 grid, each node started with 10 units of energy and node's transmission radius was ∞. For each of 10 networks, 20 request sequences of size 10,000 each were tried. The remaining parameters were as used in our previous experiments.
A few of sensor nodes exhausted its energy and became dead nodes after a period of network operation. In the following illustrations, such as Figure 11 -12, it's obvious that amount of dead nodes has gone up considerably in the running stag both in UCLF and CMAX. The Figure 11 -12 indicated the node-state at the point of 60% of the whole experimental running. The end results of this experiment comparing between UCLF and CMAX are depicted in Figure 13 . Figure 13 . Number of nodes which is still alive after a whole running AS shown in Figure13, the average time of first node death using UCLF is 25% larger than that using CMAX. The percentage is 9% at the condition of the average time of all nodes death. Therefore, UCLF is superior to CMAX in maximum lifetime. In the experiment, we observed such a phenomenon occurred in UCLF that with a decrease of nodes density in networks, lifetime of other nodes decreased rapidly. What causes this phenomenon is due to increase sharply energy consumption. As plenty of nodes died, the distribution of the clusters became sparse, therefore, communication routing between long distance nodes results a mass of energy consumption.
At last, the final effect picture of clustering is given by UCLF algorithm after a prolonged operation on the detail characterization of network simulation, as shown in Figure 14 . 
Ⅴ. CONCLUSIONS
We presented a new maximum lifetime routing algorithm based on uneven clustering, linear programming and fuzzy set theory. At first, the algorithm clustered WSN by using uneven clustering, then considers the fact that the maximum is taken over all optimized routing sequences whose link cost is a combination of the residual energy and the minimum energy at the nodes alive. In order to verify our assumptions about UCLF, we are currently extending the network simulator NS2 to simulate UCLF, comparing with CMAX. This will verify our assumptions and give us a more accurate picture of the advantages and disadvantages of the different protocols. Based on our NS2 simulations described above, the algorithm can alleviate the "hot spot" issues, and effectively extend the network lifetime.
